Previous research indicates that a drink's sensory characteristics can influence appetite regulation. 16 Enhancing the thick and creamy sensory characteristics of a drink generated expectations of satiety 17 and improved its actual satiating effects. Expectations about food also play an important role in 18 decisions about intake, in which case enhancing the thick and creamy characteristics of a drink might 19 also result in smaller portion size selection. In the current study forty-eight participants (24 female) 20 completed four test days where they came into the laboratory for a fixed-portion breakfast, returning 21 two hours later for a mid-morning drink, which they could serve themselves and consume as much as 22 they liked. Over the test days, participants consumed an iso-energetic drink in four sensory contexts: 23 thin and low-creamy; thin and high-creamy; thick and low-creamy; thick and high-creamy. Results
Introduction
Test drinks 138 The test drinks were based on the low energy versions of a fruit drink described in a previous study 139 from our laboratory (McCrickerd, et al., 2012) , formulated and prepared in the Ingestive Behaviour 140 Unit at the University of Sussex. One hundred grams of the fruit drink base contained 23 kcal (96 141 KJ) and consisted of 31g of fresh mango, peach and papaya fruit juice (Tropicana Products, Inc.), 142 17g 0.1% fat fromage frais (Sainsbury"s UK), 41g of water and 11g of peach flavoured diluting drink 143 (Robinsons from Britvic, UK). The drinks were prepared in four sensory contexts varying in thick 144 texture (thin vs. thick) and creamy flavours (low-creamy vs. high-creamy): thin/low-creamy; 145 thin/high-creamy; thick/low-creamy; thick/high-creamy. Small quantities of tara gum (Kaly"s 146 Gastronomie, FR) were used to increase the viscosity of the drinks. The thin drinks contained 147 0.09g/100g of tara gum and the thick drinks 0.38g/100g. The amount of tara gum used in the drinks 148 was based on our previous work which established that across a range of concentrations, tara gum 149 added in these quantities produced subtle but highly perceptible differences in the viscosity without 150 effecting the taste, pleasantness and or look of the drinks (McCrickerd, et al., 2012) . Creamy flavour 151 was enhanced by the addition of vanilla extract (Nielsen-Massey, NL: 0.33g/100g) and milk-caramel 152 favouring (Synrise, DE: 0.16g/100g) to the high-creamy but not to the low-creamy drinks. The two 153 physical properties attributed to creaminess were measured for the four test drinks: viscosity, which 154 relates to perceived thickness, and lubrication, which relates to smoothness. Lubrication properties 155 8 were measured at room temperature (22 °C ± 1°C) on an MTM2 tribometer (PCS Ltd. London) using 156 a stainless steel ball and elastomer disk (see : Mills, Norton, & Bakalis, 2013) at speeds between 1 157 and 1500mm/s. Figures 1 and 2 show the viscosity and lubrication profiles for all four test drinks 158 and clearly indicate that the thick drinks were more viscous and more lubricating (signified by a low 159 traction coefficient) than the thin versions. Importantly, the creamy flavour additions did not 160 influence the physical texture of the drinks, therefore any differences in perceived creaminess and/or 161 intake between the high-and low-creamy flavoured drink could be attributed to the additional 162 flavour notes, rather than actual textural properties. None of the sensory manipulations added to the and their desire to eat, by dragging a marker along a 100mm scale. The scale response ranged from 171 "Not at all <target>" (0) to "Extremely <target>" (100). These ratings were embedded amongst 172 distracter "mood" ratings for how calm, happy, clearheaded, anxious, tired, energetic, lively and alert 173 the participant felt. Each question was presented in a randomised order and only the appetite 174 questions were analysed.
176

Sensory and hedonic evaluations of the drinks 177
Sensory evaluations of the drinks were also collected using the SIPM and had the same VAS format 178 as the appetite ratings. Participants rated how thick, creamy, familiar, fruity, pleasant and sweet the 179 9 drinks were, from "not at all" to "extremely". Like the appetite questions, each rating was presented 180 in a randomised order. Participants completed four test sessions in the Ingestive Behaviour Unit ("food lab") over four non-184 consecutive weekdays. To begin each session, the volunteers arrived at the laboratory for their 185 standard breakfast at a pre-arranged time between 8.30-10.00am, and were required to have 186 consumed only water since 11.00pm the previous evening. On their first session all participants 187 were reminded of the timings for the day"s session and of any eating and drinking restrictions. After 188 breakfast, participants were instructed to leave the lab and return exactly two hours later having not 189 consumed anything but water in that time or taken part in any strenuous activities.
191
On their return to the laboratory participants were shown to an air-conditioned testing cubicle with a 192 PC computer where they completed the first set of appetite ratings. They were then presented with 193 an opaque glass containing a 15g sample of a fruit drink alongside an opaque jug containing 900g of 194 the same drink. The volunteers were instructed to taste the sample using a straw provided, hold it in 195 their mouth while they counted to three and then swallow, a method used to ensure sufficient oro-196 sensory exposure to the drinks (McCrickerd, et al., 2012) . Participants then evaluated the sensory 197 and hedonic properties of the drink and once this was complete they were informed that they could 198 drink as much of the drink as they liked by pouring from the jug provided. They were informed that 199 if they finished the jug they would always be provided with another one. Explicit expectations 200 generated by the drinks sensory characteristics were not assessed again in this study to reduce the 201 potential demand effects on intake after reporting beliefs about how filling the drink was expected to 202 be. When participants had finished consuming the drink, the glass and jug were removed and they 203 completed a final set of appetite ratings and then took a seat in the waiting room. This part of the 204 study took approximately 10-20 minutes to complete. The total drink left in the glass and the total 205 amount of drink consumed and left in the glass was calculated in grams immediately after the 206 consumption phase. Future availability of food may influence intake in the laboratory if participants 207 plan to eat once they have completed the test session. To control for this participants remained in the 208 laboratory waiting area for 60 minutes after they had consumed the drink, where they were free to 209 read/work but they were not able to consume anything but water. After this time, participants 210 returned to the testing cubicle and completed a final set of appetite ratings and a simple reaction time 211 test where participants responded to number strings. The reaction time test was used to corroborate 212 the study"s cover story, and like the mood ratings this was not analysed.
214
The order of presentation of the drinks across the four sessions was counterbalanced across 215 participants. On the final test day participants completed a short set of questions where they were 216 asked what they thought the purpose of the study was, what was the main reason they stopped 217 drinking in the sessions (they could give more than one reason) and whether they thought that the 218 food and drink they received was the same over the sessions. Once complete, participants had their 219 height (cm) and weight (kg) measured and they were thanked, debriefed and paid £30 for taking part. The main outcome measures were the total amount of fruit drink consumed, the total left in the glass, 223 changes in rated appetite and sensory judgements. Intake data from one male participant was over 3 224 SD from the mean, causing significant skew in these data on two out of four test days (Z skew > 0.21, p 225 < 0.05). After removal these data were normally distributed. During the debrief, a second male ANOVA contrasted the effect of drink thickness (thick vs. thin) and creamy flavour (low-creamy vs. 230 high-creamy) on the total drink consumed (g) and the total drink that was left in the glass (g), with 231 gender as the between-groups factor. Initially these analyses also included the order in which the 232 drinks were consumed over the four sessions as a factor. However, order did not significantly affect 233 overall intake and did not interact with the drinks sensory properties or participant gender to 234 influence intake, therefore it was removed from the final analysis. Pearson's correlations were used 235 to characterise the relationship between the total amount of drink consumed and participant BMI, 236 restraint and disinhibition scores. Initial analysis indicated that pre-test hunger, fullness, thirst and 237 desire to eat ratings were similar at the start of all of the four test sessions and were not affected by 
Results
253
Total intake 254 Participants consumed less of the thick drinks compared to the thin drinks (M thick = 384.6 ± 27.7g, 255 M thin = 418 ± 31.5g; F(1,44) = 5.71, p = .021, r = 0.34) and there was a trend for males participants 256 to consume more than female participants overall (M males = 451.5 ± 41.6 M females = 351.9 ± 39.8; 257 F(1,44) = 3.00, p = .090, r = 0.25). However, a significant thick x gender interaction indicated that 258 only females consumed less of the thicker drinks (F(1,44) = 4.08, p = .049, see Figure 3 ). Separate F(1,23) = 8.14, p = .009, r = 0.51); a reduction of 63g. There was no effect of creamy flavour on the 265 total drink intake (F(1,44) = 0.45, p = .508, r = 0.10) and thick texture and creamy flavour did not 266 interact to influence the amount of the drink consumed (F(1,44) < 0.01, p = .984) and this was true 267 for both male and female participants (F(1,44) = 0.17, p = .681). There was no significant 268 relationship between the amount of drink consumed in each session and participants" BMI, restraint 269 (TFEQ-R) or disinhibition (TFEQ-D) scores ( 272 At the end of the ad libitum consumption, participants appeared to leave slightly more of the thick 273 drink in the glass compared to thin ones (M thick = 10.2 ± 2.3g, M thin = 3.8 ± 0.7g; F(1,44) = 9.39, p =
Total left in the glass
274
.004, r = 0.42), probably because the increased viscosity caused a small amount of the thicker drinks 275 to remain on the sides of the glass. There was no effect of creamy flavour (F(1,44) = 0.00, p = .986, 276 r < 0.01) and no thick x creamy interaction (F(1,44) = 1.46, p = .233) on the amount of drink left in 303 The mean sensory and hedonic ratings for each of the drinks are reported in table 3. There was no 304 effect of the thick and creamy sensory manipulations on the perceived fruitiness, sweetness, 305 pleasantness and familiarity of the drinks (for all main effects of thick texture and creamy flavour p > 306 .05 and r < 0.15, and for all thick x creamy interactions p > .05). Perceived thickness and creaminess 307 was affected by the sensory manipulations. The thick drinks were rated as thicker than the thin 308 drinks (F(1,44) = 42.34, p < .001, r = 0.70) and there was a trend for the high-creamy drinks to be 309 perceived as slightly thicker than the low-creamy versions (F(1,44) = 0.34, p = .072, r = 0.27). The 310 low-creamy drinks were perceived to be equally creamy as the high-creamy flavoured drinks (F
Sensory and hedonic ratings of the drinks
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(1,44) = 1.98, p = .166, r = 0.21) but the thick drinks were rated as creamier than the thin drinks 312 (F(1,44) = 10.13, p = .003, r = 0.43). Thick texture and creamy flavour did not interact to influence 313 thick and creamy ratings (p > .05). Finally, there was no effect of gender on any of the sensory and 314 hedonic ratings (p > .05 and r < 0.19 for all main effects) and no interactions (p > .05). [TABLE 3 315 HERE] 316 317 Participant feedback 318 Most of the participants (85%) reported that they thought the study was assessing the effects of the 319 foods they were consuming on "mood" and feelings of "alertness" and "energy", in line with the cover 320 story. One participant said they had no idea what the purpose of the study was and the remaining 321 13% of the participants made other suggestions, such as market research for the drinks and testing 322 the drink as an alternative to breakfast and lunch. Forty three percent of the participants reported that 323 the most important reason they stopped drinking was because they felt full and 18 % reported that it 324 was because they no longer felt thirsty. Only one person reported that the main reason for stopping 325 drinking was that they had reached the bottom of the glass, and one that they had finished the bottom 326 of the jug. Regarding the sensory differences, 54% of participants reported that the drinks were 327 15 different, mostly commenting on textural differences, and 12% reported that they were different but 328 unsure how, but 34% of the participants believed that the four drinks were the same. Interestingly, 329 the mean intake values for those who reported that the drinks were the same across the four sessions The key finding from this study was that increasing the perceived thickness and creaminess of a 336 drink reduced intake in female participants. This builds on previous work suggesting that increasing 337 the viscosity of a drink increases the extent to which it is expected to be satiating and suggests that 338 such expectations can influence actual eating behaviour. The majority of participants consumed all 339 of the drink that they served themselves, indicating that the reduced intake of thicker drinks was 340 because female participants poured out less of these versions, which is in line with research 341 suggesting that pre-meal expectations of satiation and satiety are important determinants of meal size 342 (Fay, et al., 2011; Wilkinson, et al., 2012) . The most common reason participants reported for 343 stopping drinking over the four sessions was feeling full and appetite ratings suggested that the 344 participants did feel equally full after each version of the drink, despite consuming different amounts.
345
Thus the drinks with satiety-relevant characteristics lead to a reduction in intake in female 346 participants without affecting subjective fullness. A key question for future research would be 347 whether sensory-related reductions in intake are compensated for in later meals.
349
In this study only the textural manipulation elicited a significant decrease in consumption. This 350 builds on our previous work indicating that a subtly thicker drink was expected to be more satiating 351 than a thinner version, with the addition of creamy flavour cues having less of an effect on these 352 expectations (McCrickerd, et al., 2012) , but contrary to our prediction the addition of creamy 353 flavours had no impact on intake. However, perceived creaminess was associated with a decrease in 354 consumption. In this study, as well as in our last, the thicker drinks were consistently rated as thicker 355 and creamier than the thin versions. This is because perceived "creaminess" is a complex sensory 356 attribute, and characterised by both flavour and texture cues (de Wijk, et al., 2006; Kirkmeyer & 357 Tepper, 2005). Human adults have consumed a range of foods and drinks in their lifetime, and with 358 this experience, come to learn about their satiating consequences. These learned associations 359 between a food's sensory properties and post-ingestive consequences are likely to form the basis of 360 expectations about the how filling a food will be (Brunstrom, 2007) . One possibility is that over a 361 lifetime increased viscosity is simply a more salient predictor of nutrients in food and drinks, 362 compared to creamy flavours alone which naturally occur in combination with changes in viscosity 363 and lubrication. Interestingly, one third of the participants reported that they perceived no 364 differences in the four drinks, highlighting that even though the sensory manipulations changed 365 behaviour they were subtle enough to not always be remembered. Indeed, in the current study the 366 four drinks were consumed across four non-consecutive days. This limits the extent to which the 367 participants could "compare" the drinks and highlights just how subtle the sensory manipulations 368 were, with the creamy flavour additions being less noticeable than the difference in viscosity.
370
Why then should only the female participants alter their intake of a drink in response to its texture?
371
Male and female participants were matched on characteristics previously thought to influence ad 372 libium intake, namely BMI, dietary restraint and disinhibition, as well as reporting similar appetite 373 sensations prior to consuming the drink (Blundell, et al., 2010; Herman & Polivy, 2008) . The drinks 374 were all equally energy-dense and the order with which males and females consumed the different 375 drinks over the sessions did not affect intake behaviour, suggesting that differences in intake cannot 376 be explained by nutrient learning effects. Moreover, all participants rated the drinks as similarly 377 pleasant, sweet and familiar and both male and female participants perceived the thick drinks to be 378 thicker and creamier than the thin versions, so it is unlikely that perceived differences in these 379 characteristics influenced intake differentially in these groups. The decision not to re-test satiety 380 expectations in this study was taken to reduce the potential for response bias on intake, but this 381 means that we can only assume males and females held similar expectations that the thicker and 382 creamier drinks would be more satiating. However, gender differences in satiety expectations based 383 on the sensory characteristics of foods and drinks have not been previously reported (Hogenkamp, 384 Stafleu, Mars, Brunstrom, & de Graaf, 2011; McCrickerd, et al., 2012) .
386
An alternative explanation for the males in this study not adjusting their intake in response to the 387 sensory manipulations is that there was another more salient influence on meal size in this group.
388
Research investigating ad libitum consumption of drinks differing in viscosity reported that 389 participants consumed less of a thicker semi-solid drink compared to a less viscous liquid version, 390 and there was no evidence that this effect depended on the participant"s gender (Zijlstra, et al., 2008) .
391
But a key difference between that and the current research is that Zijlstra and colleagues removed an 392 important environmental cue for meal termination from their study: finishing the serving (Fay, et al., 393 2011 ). In the present study males consumed on average 451g of the drinks; this was 100g more than 394 female participants and almost exactly the same amount as the capacity of the glass (450-470g 395 depending on whether it was filled completely to the brim or just below). This suggests that for many 396 of the male participants, their desired portion size was probably greater than the maximum amount of 397 drink that could be held in the glass, and in order to consume this amount they had to pour a second 398 helping of the drink. Perhaps this portion size cue limited the influence of satiety expectations on 399 self-selection in the male participants more than the female participants, whose average serving size 400 was much less than the capacity of the glass. To increase the sensitivity of the study design, we 401 would need to provide participants with a big enough glass to reduce this bias. However, decanting a 402 portion of a drink from a larger container is arguably more applicable to real consumer behaviour 403 and perhaps what the current study actually demonstrates is the subtlety with which satiety This study indicates that increasing the perceived thickness and creaminess of a drink, by subtly 409 increasing its viscosity, led female participants to consume less of the drink but feel no less satisfied, 410 lending support to the idea that a food's sensory characteristics generate expectations of satiation and 411 satiety that can guide eating behaviours. An unexpected outcome was that the sensory characteristics 412 of the drink did not influence intake in the male participants, despite previous research suggesting 413 that both males and females expected a thicker drink to be more satiating. This highlights that 414 multiple external factors are likely to influence meal size selection and consumption not just in solid 
